To compare the internal and external load and the recovery by playing position and the match outcome (wins, losses or draws) in professional soccer. Methodsː Twenty-three male professional soccer athletes from a team of the first division of the Brazilian Championship took part into the study (age 26.1 ± 3.8 years old, weight 77.5 ± 5.0 kg, height 177.6 ± 5.1 cm). During the games, athletes were monitored by GPS and the variables of external loads were taken. Additionally, the session rating of perceived exertion (session RPE) and the perceived recovery scale (PRS) were collected 30 minutes and 40h after the end of the matches, respectively. Resultsː The external load was greater on full-backs and defense midfielders (p<0.05). The full-backs cover higher total distances compared to attackers, and, compared to all the others positions, they have more stimuli > 20 km/h, covering higher distances >20 km/h; these stimuli makes them to perceive less recovered than defenders, defense and attack midfielders (p<0.05). Moreover, the defenders are those who cover lower distances by the minute and the defense midfielders are those who present the lower Peak Velocity (p<0.05). There were no significant differences between GPS variables, internal load and recovery. In addition, it was found a correlation between the external and the internal load (r=0.66; p=0.001). Conclusionsː The GPS variables and the perceived recovery are influenced by the playing position, but not by the match outcome.
Introduction
The high physical demand required on high-level soccer has been previously demonstrated [1] [2] [3] ; indeed, the actions during a game involve running in different intensity levels, repeated changes of direction, tackles and jumps with short recovery time. Therefore, a big concern of team staff and researchers is to find tools that exactly represents the physical requirement of the game and how to control the training loads over the season 4, 5 . Due to this need, monitoring tools have emerged, one of the most used is the Global Positioning System (GPS), which are based in triaxial accelerometers (acceleration on anteroposterior, lateral and vertical axis), providing variables such as Player Load, the number of sprints and distance covered in different intensity levels, especially high intensity, which are important indicators of external load 3 . In addition to this, the session rating perceived exertion (session-RPE), first proposed by Foster et al. 6 and after showed on soccer 4, 7 , has also been widely used as an internal load variable, in other words, how the athlete feels about the external load imposed by the match. Although GPS and the session-RPE jointly represent accurately the external and internal match loads, a crucial point to the physical performance happens hours after the game, the recovery. Nédélec, McCall, Carling, Legall, Berthoin, Dupont 8 describe that the post-game recovery is important to the soccer, because the time between two matches is short, usually each two or three days, impairing athletes' complete recovery. When recovery is not allowed, athletes are submitted to a greater injury risk 9 . Thus, as important as the external and internal load from the game, is to evaluate how recovered the athletes are when they come back to training. In this regard, Laurent et al. 10 developed the perceived recovery scale (PRS); a 10-point scale in which 0 means "very poorly recovered/extremely tired" and 10 means "very well recovered/ highly energetic". The authors demonstrated that the scores on the scale were sensitive to the decrease, maintenance and enhancement of repeated sprints performance (r = -0.63), once an inefficient recovery does not allow performance maintenance, in contrast, an efficient recovery allows physiological adjustments that promote the performance enhancement.
Studies have pointed that the external load during the games is different between the positions, with midfielders covering higher total distance and players who work by the sides of the field covering greater distances in high intensity 2, 5 . In contrast, to our knowledge, there are no studies elucidating the internal load and, mainly, the recovery status by playing position. Thus, it is necessary that research with this theme consider this practical question of the soccer game, since this information is important for the decision making during the training process. In synthesis, if there is a difference between the external load during the game, it is rational to assume that the internal load and the recovery behave in the same way. In addition, to get closer to the sport reality, the match outcome (wins, losses and draws) may also be different in relation to the external and internal load and recovery, since the actions performed during the game aim to take the lead, and the situation that the team is (loosing, winning or drawing) may reflect the technical actions and consequently the physical efforts.
On the above, the aim of present study was to compare the internal and external load and the recovery by playing position and match outcome (wins, losses or draws) on professional soccer.
Methods

Design
It was analyzed nine official matches of the first division of the local soccer championship (ranking stage). During the games, the athletes were monitored by a GPS device and the following external load variables were taken: Player Load Total; Player Load/min; Total Distance; Distance m/min; Distance > 20 km/h; Quantity of Stimuli > 20 km/h and Peak Velocity. Thirty minutes after the matches, the session RPE was obtained and around forty hours after each match and before, the athletes answered the perceived recovery scale (PRS).
Participants
Twenty-three male professional soccer athletes from a team of the first division of the Brazilian Championship took part into the study (age 26.01 ± 3.8 years old, weight 77.5 ± 5.0 kg, height 177.6 ± 5.1 cm). The athletes were analyzed during 9 official matches. Thus, the "n" for each position was: defenders (f = 20), full-backs (f = 13), defense midfielders (f = 21), attack midfielders (f = 11) and attackers (f = 26). Figure 1 demonstrates the game positions used at present study. To be included in the study, players must be acting in official matches of the first division of the local Championship. All subjects signed an informed consent form after verbal and written explanations regarding the study. All methodological procedures were approved by the local Ethics Committee of Federal University of Paraná (protocol number: 2.300.528).
Procedures
External load was monitored through the OPTIMEYE S5 device (Catapult®, OPTIMEYE S5, Melbourne, Australia) positioned between the scapula, into a waistcoat. The device is composed by two GPS and three accelerometers that capture the athletes' movements (up and down, right and left, forward and backward) and sends the information in real time by telemetry. The external load variables were Player Load, Player Load/min, Total Distance, Distance m/min; Distance > 20 km/h; Quantity of Stimuli > 20 km/h and Peak Velocity. The velocity limits used in the present study were jogging: 6,1 to 12 km/h; running: 12,1 to 15 km/h, moderate intensity running: 15,1 to 18 km/h, high intensity running: 18,1 to 20 km/h, very high intensity running: 20,1 to 23 km/h and sprint: >23 km/h, which were arbitrarily determined according to the reality of the club and were based on the previous studies 1, 2, 7, [11] [12] [13] [14] . Thirty minutes after the end of the matches the session RPE were collected using the RPE scale CR10 transformed by Foster et al 6 . Using the anchorages proposed on the scale, athletes were instructed to answer the following question: "What was the game intensity?". This method has been used in various studies, showing its scientific validity and practical applicability 4, 15, 16 . Athletes were previously familiarized with the scale, once this is used as a daily control. The internal load (TRIMP-RPE) was calculated and expressed in arbitrary units (U.A.) by multiplying the session RPE score by the time (in minutes) of participation of the each athlete into the match 6 . The perceived recovery was measured through the perceived recovery scale (PRS) proposed scale by Laurent et al 10 . PRS Full-backs
Full-backs
Recovery, external and internal load in soccer is a 10-point scale in which 0 means "very poorly recovered/ extremely tired" and 10 means "very well recovered/highly energetic". The PRS was measured approximately 40 hours after the matches, after the day off and before the first training session after the games. They were instructed to answer the following question: "How recovered are you?" using the anchorages proposed on the scale. The numerical answer could be provided in decimals, and the athletes were previously familiarized with the scale because it is used as a daily control.
Statistical Analysis
Normality was tested by the Kolmogorov-Smirnov test and the assumption of the linearity and homogeneity of variancecovariance was verified by the Levene's test, which has been satisfied. Descriptive values were presented in mean ± standard deviation. A univariate analysis (ANOVA) and Bonferroni post hoc was performed to compare the internal and external load and recovery (dependent variables) between playing position and match outcome (independent variables) To check the association between the internal load (TRIMP-RPE) and external load (Player Load Total -GPS), Pearson correlation was used. All the statistical analysis were conducted using the statistic software SPSS version 21.0 (IBM Corp, Armonk, NY), significance was set at p ≤ 0.05.
Results
The internal and external loads and recovery values according to playing position are presented in table 1. The comparison between playing position prove differences on GPS variables and perceived recovery (PRS). The external load (indicated by Player load, distance m/min and total distance) were greater on full-backs and defense midfielders. The full-backs cover higher total distances compared to attackers, and, compared to all the others positions, they have more stimuli > 20 km/h, covering higher distances >20 km/h; these stimuli makes them to perceive less recovered than defenders, defense and attack midfielders. In addition to these results, it was also possible to see that the defenders are those who cover lower distances per minute and the defense midfielders are those who present the lower Peak Velocity. A significant correlation was found between the external load (total Player Load) and the internal load (TRIMP-RPE) (r = 0.66; p = 0.001). a=significant difference to the defender, b= significant difference to the full-back, c= significant difference to the defense midfielder, d= significant difference to the attacker midfielder, e= significant difference to the attacker. p ≤ 0.05.
On Table 2 is presented the comparison of external and internal load variables and perceived recovery according to the match outcome. There were no significant differences between GPS variables, internal load (TRIMP-RPE) and recovery (PRS). Thus, the variables analyzed are influenced by playing position, but not by match outcome. 
Discussion
The main result of the study was that, although the external load has been different between playing position, the internal load was similar. However, except for the attackers, the perceived recovery of the full-backs was the lowest compared to the other positions. In this study, the full-backs and the defense midfielders had higher total Player Load (external load) compared to defenders and attackers, although it was not different from attack-midfielders. In addition, the attack-midfielders covered higher relative distance (m/min) compared to defenders and attackers, results also observed by Di Salvo, Baron, Tschan, Calderon Montero, Bachl, Pigozzi 2 , Suarez-Arrones et al. 3 and Torrenõ, Munguia-Izquierdo, Coutts, De Villarreal, Asian-Clemente, Suarez-Arrones 5 , who demonstrated that the athletes that act on midfield (midfielders and wide midfielders) were those who cover higher distances during the game, when compared to defenders and attackers.
However, these same studies pointed that the players who act on by the sides of the field cover greater high intensity distances. In the study by Di Salvo, Baron, Tschan, Calderon Montero, Bachl, Pigozzi 2 , the wide-midfielders and full-backs covered, respectively, 446 ± 161 m and 402 ± 165 m above 23 km/h; on the other hand, the defenders and the attack-midfielders covered 215 ± 100 m and 248 ± 116 m above 23 km/h. The attackers covered 404 ± 140 m. In the study by Torreño, Munguia-Izquierdo, Coutts, De Villarreal, Asian-Clemente, Suarez-Arrones
5
, the wide-midfielders were those who covered greater distance above 18 km/h (15 ± 3 m/min and 14 ± 2 m/ min on the first and second half, respectively) compared to the other positions. These results support the findings of the present study in which the full-backs were those who performed the greater number of stimuli above 20 km/h and, consequently, covered greater distances in high intensity (44.83 ± 12.9 stimuli and 680.47 ± 194.11 m, respectively). The full-backs have as function to participate in the transition from the defense to the offense, involving high intensity running through the sides of the field, which helps to explain the result obtained in our study.
Another important finding was that even the game's perceived exertion being similar between the playing positions, the fullbacks perceived recovery was lower compared to the others, with exception of the attackers, which may be related to the number of stimuli at high intensity and the high intensity covered distance. Indeed, Aquino et al.
17 demonstrated a significant correlation between the number of sprints performed during a simulated soccer game and the percentage of alteration of the creatine kinase (CK) and lactate dehydrogenase (LDH) blood concentration (r = 0.83 and r = 0.90, respectively) after the game. In addition, Osiecki et al. 18 found an inverse relationship between the CK and the perceived recovery (r = -0.75) after an official soccer game. These results point that, due to the deceleration after sprints (eccentric contractions), it occurs a greater muscle damage, negatively influencing the soccer athlete's recovery, corroborating with our results. However, the perceived recovery of the full-backs was 4.67 ± 0.89 u.a., and the other positions obtained means around five and six. At scale, these scores correspond to "somewhat recovered", "adequately recovered" and "moderately recovered", respectively, indicating a recovery level that allow the athlete to maintain the performance 10 , although at the practical environment it is necessary to consider other external and internal load and recovery variables to help on the decision-making about the participation or not of an athlete in the next match.
The Training impulse of the RPE (TRIMP-RPE) is a method that considers the session-RPE and the game duration, generating a score that is being used by soccer clubs to monitor the internal load 4 . These variables, added to the external load, indicate the physical distress suffered on the game. In this study, a significant correlation between internal and external load (r = 0.66; p = 0.001) has been observed. In addition, the internal load was not different between positions (variation of 527.40 ± 135.89 u.a. to 712.35 ± 208.46 u.a.), which is in agreement to the studies by Arcos, Yanci, Mendiguchia and Gorostiaga 19 , in which it was showed that the TRIMP-RPE of soccer players after a game was 650 ± 100 u.a. and the session-RPE around 6, corresponding to an intensity between "hard" and "very hard".
Our results proved that there was no difference on recovery, internal and external load variables between wins, losses, and draws. However, in a practical point of view, it could be explained by the fact that the actions performed on defense and offense aim to take the lead. In the other words, when the team is losing, the actions are performed to score a goal, and when the team is winning, the actions are performed to avoid the opponent's goal. This behavior makes the internal and external load and the recovery very similar regardless the team is losing, drawing or winning the game.
It's important to recognize some limitations. In the present study, no biochemical indicators of muscle damage were used. These data would provide additional information regarding athletes' distress and recovery. Another point was that the analysis related to the match outcome was not detailed by playing position, however, it was necessary due to the sample, that would have insufficient subjects for each position, which would limit the power of the analysis, once the considered period had five wins, two losses, and two draws. However, the methodology and the instruments used in the study significantly contribute to the literature and to the soccer clubs. Since the full-backs cover greater distances above 20 km/h and consequently, have less recovery, it is recommended to carry out interventions that allow physical preparation with specific characteristics and a better recovery for this specific position and/or that the clubs have options on the bench to replace these athletes if it is identified that the recovery was insufficient and there is a higher injury risk.
Conclusions
In summary, our results point that the full-backs are the athletes who cover greater distances >20 km/h, reflecting in a lower perceived recovery when compared to the other positions. Additionally, there was no difference on recovery, external and internal load variables according to the match outcome (wins, losses, and draws).
